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May 4, 2006 
 
 
 
Mr. John Carrigan 
MADEP NERO 
205B Lowell Street 
Wilmington, MA  01887 
 
 
Subject:  FINAL Report on Field Sampling and Analysis Efforts for the Crow Lane Landfill, 
Newburyport, MA 
 
 
Dear Mr. Carrigan, 
 
As outlined in our 3/2/06 Proposal for Landfill Gas and Ambient Air Sampling, Crow Lane Landfill, 
Newburyport, Massachusetts, ENSR provides this final report for work conducted in Task 1:  Collection of 
Landfill Gas/Ambient Air Samples for Laboratory Analysis.   
 
SUMMARY OF SAMPLE COLLECTION 
 
Field Measurements.  Per our proposal, the following field measurements were collected and are 
summarized in attached Tables 1 and 2. 
 
Concentrations of O2, CO2, methane (including LEL) and H2S from all extraction wells, ambient air sampling 
locations and the flare inlet (to be performed using a Land-tec multi-gas landfill gas meter).  The results of 
these measurements are summarized in Table 1.  It is noted that MiniRAE colorimetric tubes were used to 
measure hydrogen sulfide, with the exception of gas well EW-3 and all ambient readings; well EW-3 was 
measured with the LandTec Meter (Serial GM08015/05) while the ambient samples were collected with the 
Jerome Meter (Serial 631-2313) . 
 
The vacuum at each extraction well and the flare inlet was measured.  The results of these measurements 
are summarized in Table 2.  It is noted that flow could not be measured in the wellheads as there was an 
obstruction at the sampling port preventing insertion of the pitot tube to a sufficient location to permit 
measurements.  The pitot tube measurement near the flare inlet was measured at 0.01” water column 
(w.c.).  Attached to this letter please find a calculation sheet showing that this measurement correlates to a 
gas flow of approximately 23 scfm (+/- 30%).  It is further noted that 2 of the 8 extraction wells (TEW-1 and 
EW-6) were throttled down so that no vacuum was actually being applied to the well.  Five of the remaining 
6 wells were throttled down so as to have allowed less than 1” w.c. applied to the well.  The remaining well 
was under a 1.5” w.c. vacuum.  The line pressure at the flare and on the manifold side of the throttle valve 
was approximately 25” w.c. vacuum with the exception of TEW-2 which had a line pressure of 2” w.c. due to 
liquids blocking the pipe.  
 
Meteorological data at each ambient air sampling location, at the top of the landfill and near the flare 
(including wind speed/direction, air temperature, barometric pressure and turbulence) was collected.  Data 
are summarized in sheets attached to this letter report. 
 
General field observations (including odors, sampling conditions, etc.) were collected into a field notebook.  
A copy of the hand-written notes are provided as an attachment to this letter report.   
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Ambient Air Samples.  Per our proposal, ambient air samples were collected according to the following 
procedures.   
 
The landfill was surveyed prior to establishing ambient air sampling locations.  Based on both 
measurements and olfactory observation, two locations where hydrogen sulfide odors were detected were 
selected for collection of ambient air samples.  AMB-1 was collected on the southwest side of the landfill on 
the access road as marked on Figure 1.  The hydrogen sulfide readings ranged from 3-50 parts per billion 
(ppb) at this location.  AMB-2 was collected 20’ southeast of flare also marked on Figure 1.  The hydrogen 
sulfide readings ranged from 3 to 81 ppb at this location.  Referenced hydrogen sulfide readings were 
obtained using the Jerome Meter.  As noted on field data collection sheets attached to this letter report, 
there was a light swirling wind which influenced the detection of the hydrogen sulfide odors both by olfactory 
detection and instrument measurement.  ENSR collected grab samples for sulfur gases (according to EPA 
Method 15 using GC/FPD) for both ambient air sample locations .  A Tedlar bag of approximately 12 liters in 
capacity was filled by evacuating a rigid air-tight container used to hold the bags.  The background ambient 
air sample (AMB-3) was collected approximately ½ mile north of the landfill in a retail parking lot 
(Blockbusters Video).  There was very limited traffic observed at the time of sampling.  No hydrogen sulfide 
was measured on the Jerome Meter at the background location. 
 
In addition to the Tedlar bag samples for sulfide analysis, grab samples using SUMMA canisters were 
collected for volatile organic compound (VOC) analysis (according to EPA Method TO-15 using GC/MS) at 
each ambient location.  An instantaneous grab sample drawn through a charcoal tube and Hopalite tube, 
respectively, were used for collection of ambient samples for analysis of arsine (according to NIOSH 6001) 
and mercury vapor (according to NIOSH 6009). 
 
All samples were transported to ENSR’s Air Toxics Laboratory in Harvard, MA; all samples were analyzed in 
Harvard with the exception of the arsine and mercury vapor samples which were sent to Adirondack 
Environmental Services, Inc., located in Albany, New York. 
 
Raw Landfill Gas Samples.  Per our proposal, raw landfill gas samples were collected according to the 
following procedures. 
 
Extraction well EW-1 (located on the eastern side of the landfill), temporary extraction well TEW-2 (located 
on the western side of the landfill); and influent gas at the flare (located on the southeastern portion of the 
landfill) were sampled for sulfides, VOCs, arsine and mercury vapor according to procedures outlined above 
for the ambient air samples.  Field observations for raw landfill gas samples that differed from ambient 
samples include:  1) MiniRAE colorimetric tubes identified hydrogen sulfide concentrations in the 0.1-0.2% 
range; therefore, laboratory analyses will include dilution of the samples; and 2) arsine and mercury vapor 
samples collected from the EW-1 and TEW-2 locations contained moisture which may affect analysis.  It is 
noted that results obtained with colorimetric tubes may underestimate the hydrogen sulfide concentration 
because the hand pump used in sample collection may not be sufficient to overcome the vacuum applied to 
the system. 
 
SUMMARY OF ANALYTICAL METHODOLOGIES 
 
VOCs - EPA Method TO-15 using GC/MS.  ENSR collected grab samples using SUMMA canisters for both 
the raw landfill gas samples and the ambient air samples.  In utilizing the TO-15 analysis, each sample was 
analyzed for a standard list of 64 volatile organic compounds.  Compounds not identified and quantified in 
the standard TO-15 analysis were identified as Tentatively Identified Compounds (TICs).  A library search of 
each unidentified peak's spectrum was conducted using the most current NIST mass spectral database.  
ENSR's chemists reviewed the library searches and tentatively identify each unknown peak and identified; 
TICs were only identified for the in-line landfill gas samples.  In addition to the identification of the unknown 
peaks, an estimated concentration was calculated for each unknown peak.  These estimated concentrations 
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may vary from the true concentrations by several orders of magnitude, depending on the true response 
factor value.  The samples were analyzed by ENSR’s Air Toxic Specialty Laboratory. 
 
Sulfur Gases – EPA Method 15 using GC/FPD.  As with the VOC collection methodology, ENSR collected 
grab samples for both the raw landfill gas samples and the ambient air samples.  The analysis included H2S, 
sulfides, mercaptans and thiols.  Sulfur dioxide was also be included as part of the analyses.  The samples 
were analyzed by ENSR’s Air Toxic Specialty Laboratory.  The samples were analyzed by the laboratory in 
the order from the least to the highest hydrogen sulfide concentration based on field screening data. 
 
Arsine (NIOSH 6001) and Mercury Vapor (NIOSH 6009).  The arsine and mercury samples consisted of 
an instantaneous grab sample drawn through a charcoal tube and Hopalite tube, respectively.  The samples 
were analyzed by Adirondack Environmental Services, Inc., located in Albany, New York. 
 
RESULTS 
 
The VOC results are presented in Table 3 and 4.  Table 3 indicates the detected VOCs for each sample.  
There were 26 VOCs detected overall.  Well EW-1 had 20 VOCs detected with the highest measured 
concentration being toluene at 2,700 parts per billion by volume (ppbV).  Well TEW-2 had 21 VOCs 
detected with the highest measured concentration being 1700 ppbV acetone.  The inlet to the flare had 21 
VOCs detected with the highest measured concentration being 2,500 ppbV toluene.  None of the ambient 
samples contained VOCs above the analytical detection limit.  Table 4 indicates the detected TICs for each 
sample.  There were 23 TIC VOC detected overall.  Well EW-1 had 10 TICs detected with the highest 
measured concentration being alpha pinene at 2,000 ppbV.  Well TEW-2 also had 10 TICs detected with the 
highest measured concentration being methyl cyclohexane at 2,100 ppbV.  The inlet to the flare had also 
had 10 TICs detected with the highest measured concentration being alpha pinene at 1,000 ppbV.  None of 
the ambient or background samples contained any TICs.   
 
The sulfur gas results are presented in Table 5.  All in-line samples contained hydrogen sulfide and carbonyl 
sulfide/sulfur dioxide.  The concentrations hydrogen sulfide ranged from 8,500,000 ppbV in well EW-1 to 
41,000,000 in the inlet to the flare.  The concentrations of carbonyl sulfide/sulfur dioxide ranged from 
840,000/1,600,000 ppbV in well EW-1 to 3,500,000/4,900,000 ppbV in the inlet to the flare.  None of the 
ambient air samples analyzed produced readings above the method detection limit.  There was a significant 
discrepancy in the hydrogen sulfide field screening and analytical results collected from the extraction wells.  
In ENSR’s opinion, the inability of the field measurement pump to overcome the effect of the vacuum in the 
extraction wells resulted in an under reporting of the hydrogen sulfide field screening results.  
 
The arsine and mercury vapor results were all non-detected relative to method detection limits as well.  
Copies of all laboratory results are attached to this letter report. 
 
ENSR provides this final report with noted attachments for your review and consideration.  Please feel free 
to contact the undersigned with any questions. 
 
Sincerely yours, 
 
 
 
 
Kristine M. Carbonneau, P.E. David Espy 
Senior Technical Specialist DEP Program Manager 
kcarbonneau@ensr.aecom.com  despy@ensr.aecom.com 
 
 
Attachments 



Location CO2 % H2S % CH4 % O2 %
EW-1 27.4 0.06 19.2 7.4

TEW-1 46.5 0.49 28.2 3.2
TEW-2 46.4 0.17 44.8 0.6
EW-6 46 0.25 25.6 1.7
EW-5 32.5 0.19 26.7 5.1
EW-4 32 0.12 31.2 4.9
EW-3 21.9 0.0128 25.7 10.1
EW-2 35 0.26 22.2 4
Flare 27.2 0.1 20 9.3

Ambient 1 0 0.003 – 0.050 0 21
Ambient 2 0 0.003 – 0.081 0 20.9
Ambient 3 0 0 0 20.6

March 8, 2006

Table 1
CO2, H2S, LEL(CH4), O2 Data

Crow Lane Landfill
Newburyport, MA



Vacuum at Vacuum on Header Pitot Tube Head
(inch WC) (inch WC) (inch)

TEW-2 1 – 1.5 1 – 2 Obstruction in pipe
TEW-1 0 10 – 20 Obstruction in pipe
EW-6 0 No port for header Obstruction in pipe
EW-5 0.7 25 Obstruction in pipe
EW-4 0.1 25 Obstruction in pipe
EW-3 0.23 25 Obstruction in pipe
EW-2 0.6 25 Obstruction in pipe
EW-1 0.5 25 Obstruction in pipe

Flow at flare N/A 25” 0.01

Table 2

Well

Flow and Vacuum Data
Crow Lane Landfill
Newburyport, MA

March 8, 2006



Sample ID
Compound ppbV µg/m3 ppbV µg/m3 ppbV µg/m3 ppbV µg/m3 ppbV µg/m3

chloromethane 10 U 21 U 10 U 21 U 11 23 0.5 U 1.0 U 0.5 U 1.0 U 0.5 U 1.0 U
chloroethane 10 U 26 U 10 U 26 U 42 110 0.5 U 1.3 U 0.5 U 1.3 U 0.5 U 1.3 U
acetone 2500 E 6000 E 1700 E 4000 E 20 U 48 U 1.0 U 2.4 U 1.0 U 2.4 U 1.0 U 2.4 U
trichlorofluoromethane 330 1900 53 300 1700 E 9700 E 0.5 U 2.8 U 0.5 U 2.8 U 0.5 U 2.8 U
3-chloropropene 10 U 31 U 19 59 10 U 31 U 0.5 U 1.6 U 0.5 U 1.6 U 0.5 U 1.6 U
2-butanone (MEK) 24 71 10 U 29 U 130 370 0.5 U 1.5 U 0.5 U 1.5 U 0.5 U 1.5 U
n-hexane 10 U 35 U 1200 E 4100 E 10 U 35 U 0.5 U 1.8 U 0.5 U 1.8 U 0.5 U 1.8 U
tetrahydrofuran 10 U 29 U 10 U 29 U 44 130 0.5 U 1.5 U 0.5 U 1.5 U 0.5 U 1.5 U
benzene 64 210 180 580 190 620 0.5 U 1.6 U 0.5 U 1.6 U 0.5 U 1.6 U
cyclohexane 300 1000 420 1400 440 1500 0.5 U 1.7 U 0.5 U 1.7 U 0.5 U 1.7 U
2,2,4-trimethylpentane 65 310 200 940 130 610 0.5 U 2.3 U 0.5 U 2.3 U 0.5 U 2.3 U
n-heptane 1200 E 4900 E 1500 E 6000 E 1800 E 7500 E 0.5 U 2.0 U 0.5 U 2.0 U 0.5 U 2.0 U
trichloroethene 36 200 32 170 58 310 0.5 U 2.7 U 0.5 U 2.7 U 0.5 U 2.7 U
MIBK 79 330 83 340 210 850 0.5 U 2.0 U 0.5 U 2.0 U 0.5 U 2.0 U
1,1,2-trichloroethane 10 U 55 U 23 120 10 U 55 U 0.5 U 2.7 U 0.5 U 2.7 U 0.5 U 2.7 U
toluene 2700 E 10000 E 1400 E 5300 E 2500 E 9300 E 0.5 U 1.9 U 0.5 U 1.9 U 0.5 U 1.9 U
tetrachloroethene 360 200 31 210 58 390 0.5 U 3.4 U 0.5 U 3.4 U 0.5 U 3.4 U
chlorobenzene 70 320 230 1000 140 660 0.5 U 2.3 U 0.5 U 2.3 U 0.5 U 2.3 U
ethylbenzene 770 3300 360 1600 880 3800 0.5 U 2.2 U 0.5 U 2.2 U 0.5 U 2.2 U
p & m-xylene 840 3600 440 1900 1100 4900 1.0 U 4.3 U 1.0 U 4.3 U 1.0 U 4.3 U
styrene 31 130 10 U 43 U 10 U 43 U 0.5 U 2.1 U 0.5 U 2.1 U 0.5 U 2.1 U
o-xylene 290 1300 120 530 290 1300 0.5 U 2.2 U 0.5 U 2.2 U 0.5 U 2.2 U
4-ethyl toluene 110 510 42 200 92 450 0.5 U 2.5 U 0.5 U 2.5 U 0.5 U 2.5 U
1,3,5-trimethylbenzene 92 450 74 360 90 440 0.5 U 2.5 U 0.5 U 2.5 U 0.5 U 2.5 U
1,2,4-trimethylbenzene 180 890 73 360 230 1100 0.5 U 2.5 U 0.5 U 2.5 U 0.5 U 2.5 U
1,4-dichlorobenzene 14 85 30 180 27 170 0.5 U 3.0 U 0.5 U 3.0 U 0.5 U 3.0 U

Newburyport, MA
March 9, 2006

Inlet Flare

Table 3

AMB-1 AMB-2 Background

Detected Volatile Organic Compounds (VOCs)
Crow Lane Landfill

ppbV µg/m3
Well EW-1 Well TEW-2

U - Not Detected
E - Estimated, Value exceeded upper range of calibration
ppbV - parts per billion by volume
µg/m 3 - micrograms per cubic meter



Sample ID MW

Compound RT 
(min)

Est. 
ppbV

Est. 
µg/m3

RT 
(min)

Est. 
ppbV

Est. 
µg/m3

RT 
(min)

Est. 
ppbV

Est. 
µg/m3

RT 
(min)

Est. 
ppbV

Est. 
µg/m3

RT 
(min)

Est. 
ppbV

Est. 
µg/m3

RT 
(min)

Est. 
ppbV

Est. 
µg/m3

unknown 12.87 170 --
methyl cyclohexane 98.1876 22.17 130 522 21.48 2100 8433 22.12 300 1205
unknown C8 H16 hydrocarbon 24.20 350 -- 24.50 160 --
unknown 25.22 190 --
1,1,3-triethylbenzene 126.24 26.67 320 1652
3-methyl octane 128.26 27.31 400 2098 27.36 180 944
unknown 27.83 370 --
unknown 27.88 170 --
unknown C9 H18 hydrocarbon 27.88 130 --
n-nonane 128.26 28.06 300 1574 28.04 210 1102
unknown 28.35 300 --
unknown C9 H18 hydrocarbon 28.39 130 -- 28.38 160 --
unknown 28.69 510 --
2,6-dimethyl octane 142.28 28.90 920 5354 28.90 220 1280
propyl cyclohexane 126.24 28.92 120 620 28.92 200 1033
alpha pinene 136.23 29.07 2000 11144 29.05 1000 5572
unknown 29.64 290 --
beta pinene 136.23 30.01 200 1114
1,2,3-trimethylbenzene 120.19 30.12 310 1524
decane 142.28 30.27 190 1106
unknown aliphatic hydrocarbon 30.26 170 --

U - Not Detected
E - Estimated concentration, value is above the upper limit of calibration.
NQ - No Qualifier (for carbonyl sulfide and/or sulfur dioxide)
** - Co-eluters
ppbV - parts per billion by volume
µg / m3 - micrograms per cubic meter
µg / m3 = ppbV * (MW / 24.45)

March 9, 2006

Inlet Flare

Table 4

Well EW-1 Well TEW-2 AMB-1* AMB-2* Background*

Tentatively Identified Compounds
Crow Lane Landfill
Newburyport, MA



Sample ID

Compound Molecular Weight µg/m3(1) µg/m3(1) µg/m3(1) µg/m3(1) µg/m3(1) µg/m3(1)

Hydrogen Sulfide 34.08 8,500,000 E 11,847,853 27,000,000 E 37,634,356 41,000,000 E 57,148,466 55 U 77 55 U 77 55 U 77
Carbonyl Sulfide /  
Sulfur Dioxide ** 60.08/64.06

840,000 / 
1,600,000 NQ / E

2,064,100 / 
4,192,100

1,600,000 / 
2,500,000 NQ / E

3,931,600 / 
6,550,100

3,500,000 / 
4,900,000 NQ / E

8,600,400 / 
12,838,200 83 U 83 U 83 U

Methyl Mercaptan 48.11 550,000 U 1,082,229 290,000 U 570,630 540,000 U 1,062,552 55 U 108 55 U 108 55 U 108
Ethyl mercaptan 62.14 750,000 U 1,906,135 390,000 U 991,190 740,000 U 1,880,720 75 U 191 75 U 191 75 U 191
Dimethyl Sulfide 62.14 760,000 U 1,931,550 400,000 U 1,016,605 750,000 U 1,906,135 76 U 193 76 U 193 76 U 193

Isopropyl mercaptan 76.16 600,000 U 1,868,957 310,000 U 965,628 590,000 U 1,837,808 60 U 187 60 U 187 60 U 187
t-butyl mercaptan 90.19 490,000 U 1,807,489 250,000 U 922,188 490,000 U 1,807,489 49 U 181 49 U 181 49 U 181

Ethyl methyl sulfide 76.16 620,000 U 1,931,256 320,000 U 996,777 610,000 U 1,900,106 62 U 193 62 U 193 62 U 193
Dimethyl Disulfide 94.2 620,000 U 2,388,712 320,000 U 1,232,883 610,000 U 2,350,184 62 U 239 62 U 239 62 U 239

U - Not Detected
E - Estimated concentration, value is above the upper limit of calibration.
NQ - No Qualifier (for carbonyl sulfide and/or sulfur dioxide)
** - Co-eluters
ppbV - parts per billion by volume
µg/m3 - micrograms per cubic meter
(1) - Note ppbV results were converted to µg/m3 using the following equation:   µg/m3 = ppbV * (MW / 24.45)

March 9, 2006

Well EW-1 AMB-2

Table 5
Sulphur Compounds
Crow Lane Landfill
Newburyport, MA

ppbV ppbVppbV

Well TEW-2

ppbV

AMB-1Inlet Flare

ppbV ppbV

Background



Sample ID
Compound mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3

Mercury <0.00167 U <0.00180 U <0.00142 U <0.00195 U <0.00184 U <0.00185 U
Arsine <0.000676 U <0.00103 U <0.000943 U <0.00119 U <0.000804 U <0.000958 U

Background

March 9, 2006

Well EW-1 Well TEW-2 Inlet Flare AMB-1 AMB-2

Table 6
Mercury and Arsine Compounds

Crow Lane Landfill
Newburyport, MA

U - Not Detected
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